Abstract Snakin-1 (StSN1) is a broad-spectrum antimicrobial peptide isolated from Solanum tuberosum. Homologous proteins have been identified in a wide range of species but there is no apparent consensus in the roles they play. A 1394 bp fragment of the 5'upstream region of StSN1 gene, designated PStSN1, was isolated from the potato genome and sequenced. Bioinformatics analyses revealed a total of 55 potential regulatory motifs related to tissue-specificity, stress, defence and hormone responsiveness, among others. PStSN1 spatial and temporal activity was studied in transgenic Arabidopsis plants expressing a reporter gene under this promoter control (PStSN1::GUS). Histochemical staining revealed PStSN1::GUS expression in the root vasculature, cotyledons, young leaves and floral organs. Moreover, GUS staining was detected in young developmental stages gradually decreasing as the plant aged. Stress treatments on transgenic plants showed that PStSN1 activity was induced by high/low temperature and wounding. The characterization of PStSN1 in a model plant establishes a framework for the understanding of its possible biological functions and provides a potential tool for plant modification through genetic engineering.
INTRODUCTION
Snakin-1 (StSN1) is an antimicrobial cysteine-rich peptide isolated from Solanum tuberosum that is active against a wide range of pathogens in vitro (Segura et al. 1999; Berrocal-Lobo et al. 2002) . Recently, we demonstrated that overexpression of StSN1 gene in potato transgenic plants enhances resistance against two economically important potato pathogens, Rhizoctonia solani and Erwinia carotovora, showing that StSN1 has also in vivo antifungal and antibacterial activity (Almasia et al. 2008) . StSN1 expression was detected in potato tubers, stems, axillary buds and young floral buds by RNA gel blot hybridization and it was suggested that StSN1 could be a component of constitutive defence barriers, especially in storage and reproductive plant organs (Segura et al. 1999) . Since StSN1 amino acid sequence alignments show similarity with members of the tomato GAST family (gibberellic acid stimulated transcript) and Arabidopsis GASA family (gibberellic acid stimulated in Arabidopsis) it was classified as a member of snakin/GASA family (Berrocal-Lobo et al. 2002) . Homologous genes have been also identified and characterized in a wide range of species within monocotyledonous and dicotyledonous plants (Shi et al. 1992; Ben-Nissan and Weiss, 1996; Kotilainen et al. 1999; Furukawa et al. 2006) but there is no apparent consensus regarding their biological roles. Members of this family were (a) Schematic diagram of the structure of the StSN1 upstream region consisting of the putative promoter plus the 5' untranslated region (UTR). The transcription start site (TSS, +1) was predicted at 33 nt from the first base of the translation start site (ATG). Putative cis-elements TATA-box (-32), CAAT-box (-48) a pyrimidine patch (Y Patch, -26 bp) and a plant dimer motif YR Rule (TG, -1/+1) were also identified. (b) Nucleotide sequences of cis-acting elements are highlighted as follows: tissue specificity and stress response elements (gray box); 5'UTR (grey font); CAAT-box, TATA-box (underlined) and translation start codon (underlined and bold text). Numbering is defined by the putative TSS. implied in very diverse processes including: cell division, cell elongation, transition to flowering, defence and in signaling pathways (Aubert et al. 1998; Kotilainen et al. 1999; Segura et al. 1999; Berrocal-Lobo et al. 2002; Ben-Nissan et al. 2004; De La Fuente et al. 2006; Furukawa et al. 2006; Roxrud et al. 2007 ). Additionally, although organ specificity and developmental regulation have been described for some of these genes in a few plant species; there is no consensus in their expression patterns either. The promoter of the tomato homologue (RSI-1) was shown to drive β-glucuronidase (GUS) activity in lateral and adventitious root initials, in the root cap and in vascular tissue (Taylor and Scheuring, 1994) . In addition, activity driven by seven out of fifteen identified Arabidopsis GASA promoters has been reported and shown to be restricted to different tissues and developmental stages, suggesting that they fulfil distinct functions in the plant (Aubert et al. 1998; Raventos et al. 2000; Roxrud et al. 2007; Zhang and Wang, 2008; Zhang et al. 2009 ). In potato, two members of the snakin/GASA peptide family were reported (Segura et al. 1999; Berrocal-Lobo et al. 2002) but their promoter regions remained unstudied. The identification and characterization of promoters contribute to the elucidation of the biological function of the regulated gene. Additionally, organ-specific, developmentally or stress-induced promoters constitute important tools for plant modification through genetic engineering. The use of constitutive and non-specific promoters may be suitable for proof of concept experiments but their use in genetically improved crops presents a number of potential drawbacks (Gittins et al. 2000) . The expression of a protein in large amounts or at stages when it is not needed (i.e. in the absence of a biotic stress) taxes on the energy reserves of the cell (Katiyar- Agarwal et al. 1999) .
In this context, the isolation and functional analysis of potato StSN1 promoter (PStSN1) denote at the same time fundamental and practical importance. The aim of this work is to provide a useful foundation for the understanding of the physiological role of StSN1 gene by describing the spatial and temporal regulation of its promoter in a model plant. It is also focused on determining the response of PStSN1 upon exposure to biotic and abiotic stress in order to provide a fine description of its modulation. The possible employment of this promoter as a biotechnological tool is also discussed.
MATERIALS AND METHODS

Biological material and growth conditions
Solanum tuberosum spp tuberosum cv Kennebec plants were grown in growth chambers (at 22-25ºC, 10 hrs dark-14 hrs light), in 4.72 inches in diameter pots. For genomic DNA extraction, 4-week-old plant leaves were harvested. Arabidopsis thaliana plants ecotype Columbia (Col-0, accession CS1092), were raised in growth chambers (at 22ºC, 8 hrs dark-16 hrs light). Pseudomonas syringae pv tomato DC3000 strain were maintained as described by De Torres et al. 2003 and De Torres et al. 2006 .
Isolation of upstream promoter sequence
Potato genomic DNA was isolated from leaves using the Nucleon™ PhytoPure™Genomic DNA Extraction Kit (Amersham, UK) and Inverse Polymerase Chain Reaction (IPCR) technique was performed according to Ochman et al. (1988) . The DNA template was EcoRI-digested, diluted to obtain 0.6; 6 or 24 ng/µl concentrations and ligated (T4 ligase, Epicentre Technologies, USA). PCR was performed using primers that were based on potato SN1 sequence (AF014396) (SN1/77: CCAGCCATGGTAGTTTGAATGAG and SN1/246: ATAGCCACTCCAGGGTGTCC). Nested PCRs, first with primers SN1/65 (GTAGTTTGAATGAGAGAAGG) and SN1/246; and finally with primers SN1/65 and SN1/610 (CAAAGTGCAAGCTGAGATGC) were performed. PCR products were separated by 0.8% agarose gel electrophoresis and a fragment of approximately 1000 bp was amplified from the 0.6 ng/ µl original dilution sample. Genome Walker™ strategy (Clontech, Palo Alto, USA) was used to obtain a larger 5' upstream of the StSN1 gene according to manufacturer's instructions. Briefly, genomic DNA from potato plants was digested with DraI, EcoRV, PvuII and StuI restriction enzimes (NEB). Adaptors were ligated at fragment ends to generate genomic libraries. PCR was performed with primer SN1/+5 (GGGCCATGGGATCCTTCATTTTTTCTAAAGC) and adaptor primer AP1 (GTAATACGACTCACTATAGGGC). A nested PCR was performed with the primer SN1/-477 (CATTTGTGCAAGCTGGCTATTAAGCAGACG) based on the sequence obtained by IPCR and the adaptor primer AP2 (ACTATAGGGCACGCGTGGT). Amplified products were electrophoresed in 0.8% agarose gel and a 1100 bp fragment was obtained from the PvuII library, cloned into pGEMT (Promega, Madison, USA) and representative resulting clones were sequenced through commercial sequencing facilities (Macrogen Company, Seoul, Korea) . To amplify the full-length promoter sequence we used the primer SN1/-1394 (GTCAGTGTTCGGAGCTGATTGAG) deduced from the 5' region obtained by the Genome Walker™ strategy and the primer SN1/+0 (GTCGACTTTTTCTAAAGCTGATAATTTGATG). For PCR assay, 15 ng of genomic DNA were added to a PCR mixture (Taq DNA Polymerase, Invitrogen, USA) according to the following conditions: 94ºC for 1 min, 50ºC for 1 min, and 72ºC for 2 min, for 36 cycles. The amplified fragment was cloned in pCRII-TOPO ® (TACloning ® , Invitrogen (EUA), sequenced and analyzed with the BioEdit Sequence Alignment Editor software, Softberry, PlantCARE (Rombauts et al. 1999; Lescot et al. 2002) and Genomatix-MatInspector based on PLACE (Higo et al. 1999) servers. Sequence data from this article have been deposited at the GenBank under accession number GQ421321.
Transformation constructs and plant transformation
The 1394 bp fragment corresponding to the 5' upstream region of StSN1 gene was cloned into the EcoRI site of the plasmid pAKK 1431. The resulting recombinant intermediate plasmid was digested with PstI and the insert was subcloned into the PstI site of the binary vector pCambia2300 (CAMBIA, Canberra, Australia) giving rise to PStSN1::GUS. Standard molecular biology procedures were carried out as described by Sambrook et al. (1989) . Equivalent constructs without promoter (EV::GUS) or with Cauliflower mosaic virus 35S promoter (35S::GUS) were used as negative and positive controls, respectively. Constructs were electroporated into GV3101 Agrobacterium tumefaciens strain. Arabidopsis thaliana was transformed by using the floral dip method (Clough and Bent, 1998) . Transformed plants were selected in Petri dishes with agar Murashige and Skoog medium containing 50 mg ml -1 kanamycin, then transferred to soil for growth under normal conditions (as described above), selfed and finally homozygous T3 lines were selected and collected. Presence of the transgene in the selected plants was confirmed by PCR using specific primers: SN1/-1394 and AKK (GCAAACACCTGCTGAAACCTTT) for transgenic PStSN1::GUS plants, 35S (ATCTCCACTGACGTAAGGGA) and AKK for transgenic 35S::GUS plants, and GUSUp (GATAGCGCGTGACAAAAACC) and GUSLow (GGGATCCAGGCCTTTGTTTGCCTCCCTGCTG) for all transgenic lines. In addition, we use the primers describe by Hayashi et al. (2003) for PCR amplification of Arabidopsis Actin-2 gene (NM_112764.3) as an internal control (Actin-2Up: AACATTGTGCTCAGTGGTGG and Actin-2Low: TCATCATACTCGGCCTTGG primers). Finally, four independent PStSN1::GUS T3 transgenic lines and two control lines were used for further analysis. At different times samples or whole plants were histochemically stained for GUS visualization by immersing in 5-bromo-4-chloro-3-indolyl-beta-D-glucuronic acid, cyclohexylammonium salt solution (X-gluc) (Jefferson et al. 1987 ) and incubating for 16 hrs at 37ºC. Chlorophyll was then removed from tissues by immersion in 90% ethanol. Samples were observed and photographed under Nikon SMZ-2T (Japan) magnifying glass or Leica TCS-SP5 Confocal Microscope (Germany) for differential interference contrast (DIC) imaging.
For the different treatments T3 seedlings of transgenic Arabidopsis plants were grown in growth chambers (at 20-25ºC, 10 hrs dark-14 hrs light cycle) for 4 to 5 weeks and at least twelve biological replicates were used in each set of assays. For temperature treatment plants, grown at 20ºC and prior to bolting, were placed at 4ºC, 37ºC or kept at 20ºC for 4 hrs under darkness. For mechanical wounding treatments, leaves were gently pressed with a pair of sterilized serrated forceps as described Delessert et al. (2005) and collected at 1, 2 or 3 hrs after wounding. Hormone treatments were performed according to Bazzini et al. (2009) . Briefly, plants subjected to hormone treatment were grown in 1.5 inches individual pots and sprayed with 50 ml of 100 μM ABA, 100 μM IAA, 50 μM GA3 or water (mock-treated) and incubated for 6 hrs under dim light. For light treatment, plants grown under usual dark-light cycle were covered to keep in darkness or left to continue the normal light cycle for 4 hrs prior to sample collection. For UV radiation studies fifty 14 days-old sterilized seedlings, grown in MSG agar medium (Murashige and Skoog media containing 3% glucose) at 22ºC under a photoperiod of 16 hrs light-8 hrs dark, were exposed to 100 Watts UV light for 2 min at 24 inches from light bulb in a laminar flow cabinet. Irradiated plants were kept in darkness and collected 2 hrs after treatment. Finally for Pseudomonas syringae infection treatments, the bacterial culture density was adjusted to OD600 0.1 in 10 mM MgSO4 and sprayed on intact leaves of Arabidopsis plants, which were then incubated in a growth chamber at 25ºC and 80% relative humidity with a 10 hrs dark-14 hrs light photoperiod according to Iacobellis et al. (2003) . Negative control plants were inoculated only with 10 mM MgSO4. The dose of bacterial inoculum was empirically adjusted in order to achieve symptoms development within 3 days. Plants were collected at 24 hrs post infection and at 72 hrs when visual scoring of disease symptoms was low (a few water-soaked lesions) and at 72 hrs when scoring was high (several necrotic lesions surrounded by diffuse chlorosis). Plant infection presented a homogeneous distribution in control and transgenic lines.
All samples were stored at -80ºC and tested by RT-PCR to check treatments effectiveness. Afterwards, four plants of each line and each treatment were histochemically stained as described above while at least eight plants of each line were immediately frozen in liquid nitrogen and stored until RNA isolation and quantitative analysis of GUS activity were performed. To this last aim, fluorometric measurements of GUS activity were carried out according to Jefferson et al. (1987) using 4-methyl umbelliferyl glucuronide (MUG, β-D-glucoronide hydrate, Fluka, BioChemika, Switzerland) as substrate and employing a fluorescence spectrophotometer SpectraMax ® GEMINI EM (Molecular Devices Corporation, Sunnyvale, CA, USA). Protein concentrations were determined according to Bradford (1976) and the GUS enzyme activity was expressed as nmol of 4-methylumbelliferone (MU) produced per mg protein per min. Statistical analyses of relative GUS activity were performed by pair comparisons (between treated plants of each line versus mock-treated plants of the same line) according to Mann-Whitney tests employing the InfoStat software (InfoStat version 2008, Grupo InfoStat, FCA, Universidad Nacional de Córdoba, Argentina). For each line data were normalized to the average percentage of mocked-treated plants which were considered as 100%.
RT-PCR transcript analysis
RNA extraction was carried out by using RNeasy plant mini kit (QiaGen, GmbH, Hilden, Germany) and cDNAs were synthesized by using Superscript III (Invitrogen, Carlsbad, CA, USA) with random primers according to manufacturer's instructions. In order to test for the treatment effectiveness, control genes were amplified by RT-PCR. These genes were: ABA-inducible RD22 gene (NM_122472) (Yamaguchi-Shinozaki and Shinozaki, 1993b) (RD22Up: GTGGCTAAGAAGAACGCACCGATGC and RD22Low: CTCTAATTTTATTATAGGTTTTTGCAAAAC primers were used); IAAinducible SAUR-AC1 gene (S70188) (Gil et al. 1994 ) (SAUR-AC1Up: TTGAGGAGTTTCTTGGGTGC and SAUR-AC1Low: CATGGTATTGTTAAGCCGCC), GA3-inducible APT1 (NM_179383) (Moffatt et al. 1994 ) (APT1Up: TCCCAGAATCGCTAAGATTGCC and APT1Low: CCTTTCCCTTAAGCTCTG), low temperature-inducible RD-29A (D13044) (Yamaguchi-Shinozaki and Shinozaki, (Feinbaum and Ausubel, 1988 ) (NM_121396) (CHSUp: TGCCATAGACGGACATTTGA and CHSLow: TGTCGCCCTCATCTTCTCTT) and wound-inducible Ap2 (BT008480) (Riechmann et al. 2000) (Ap2Up: CAGTAGAGAGATGGAGATGTCTGC and Ap2Low: TGTTACTCGAAGCTTCTCTCACT). Internal control Actin-2 gene was also amplified as mentioned above. In all cases, PCR conditions were: 94ºC for 1 min, 50ºC for 1 min, and 72ºC for 1 min, for 25 cycles.
RESULTS
Cloning and sequence analysis of the PStSN1 region
To explore the upstream regulatory region of potato StSN1 antimicrobial gene, a 1394 bp DNA fragment, designated PStSN1, was amplified from genomic DNA by combining IPCR and Genome Walker™ strategies as described in Materials and Methods section. A putative transcription start site (TSS) was identified in silico located 33 bp upstream of the first base of the translation start site, satisfying the YR Rule (Yamamoto et al. 2007 ) and agreeing with previous information regarding the 5' region sequence (Segura et al. 1999) . Putative cis-elements TATA-box (-32 bp) and CAAT-box (-48 bp) were also predicted as well as a pyrimidine patch (Y Patch) at -26 bp (Figure 1a) . A more detailed bioinformatic search for promoter motifs present in PStSN1 was carried out to define putative cis-acting elements using PLACE and PlantCARE databases (Higo et al. 1999; Rombauts et al. 1999; Lescot et al. 2002) . A total of 55 potential regulatory motifs, corresponding to known not common cis-acting element of eukaryotic promoters, were identified considering elements which matrix score >= 5 (Table 1) . For further studies predicted elements related to tissue specificity (endosperm, xylem and meristem expression), abiotic stress (heat and low temperature), gibberellin, auxin, defense and light were considered. Fragment sequences confirmed by experiments in this work were indicated in Figure 1b . The remaining elements were related to drought-induction, seed storage metabolism, anaerobic induction, salicylic acid, ethylene or methyl jasmonate-response. In order to study this 5' upstream region of StSN1 gene, a chimeric unit consisting of the GUS reporter gene under the PStSN1 control (PStSN1::GUS) was obtained. Transient expression assays by agroinfiltration of Nicotiana benthamiana leaves confirmed that the cloned region correspond to the PStSN1 promoter (data not shown). Since Arabidopsis thaliana has many advantages as a model system for gene functional studies, such as a short life cycle, small size and well developed study techniques we obtain Arabidopsis transgenic lines expressing PStSN1::GUS for stable expression studies.
Spatial and temporal expression patterns of PStSN1::GUS in Arabidopsis
To precisely define the spatial expression pattern of PStSN1, GUS expression was monitored by histochemical staining of PStSN1::GUS Arabidopsis homozygous transgenic lines. Although variable GUS staining intensities were registered in different transgenic lines in 4-days-old seedlings; conspicuous GUS expression was detected in cotyledons, hypocotyls and radicles, as shown in Figure 2a . In a typical intermediate-intensity staining line, at 8-days-old seedlings, strong GUS expression was detected in a netted venation pattern in cotyledons and in a dot-like pattern in the first two true leaves (Figure 2b) . Also netted venation GUS activity was detectable in young but fully expanded leaves (Figure 2c ). Strong GUS staining appeared in immature floral buds (Figure 2d ) and in sepals of young and mature flowers ( Figure  2e and 2f respectively), while in old flowers staining was mainly located in the style (Figure 2g ). In addition, GUS activity was detectable in the top of the filament of the stamen, on the connective (Figure 2h ) and in the vascular tissues of the stigma (Figure 2i ). Differential interference contrast images showed GUS staining in the ovules within the ovary (Figure 2j ) and in the abscission zone of the flower base (Figure 2k ). In mature siliques GUS staining appeared in valves but not in seeds (Figure 2h) , however, strong GUS signal was detected in seeds when they were mechanically wounded to facilitate glucuronic acid solution penetration (Figure 2l) . Finally, GUS expression was restricted to the vascular cylinder in roots, weakly in meristematic zone, strongly in elongation zone and decreasing in intensity towards the maturation zone (defined according to Brady et al. 2007) (Figure 2n ). These results indicate that. PStSN1::GUS exhibits a specific regulated gene expression in vasculature, vegetative and reproductive tissues.
In order to examine the temporal expression patterns of PStSN1::GUS, whole plants at sequential developmental stages were histochemically stained. Strong GUS staining was detected in young stages gradually decreasing as the plant aged (from the first to the sixth week, covering stages 1 to 9 according to Boyes et al. 2001) . A remarkable reduction in stain intensity was registered when the plant senesced at the sixth week (Figure 3 , left panels). It is interesting to note that GUS activity decreased in leaf vascular tissues towards late developmental stages (Figure 3 , lower panels). As expected, Arabidopsis transgenic lines harboring 35S::GUS presented a ubiquitous and constitutive temporal expression (Figure 3 , right panels) while no GUS staining was registered for EV::GUS control lines (harbouring a construction without promoter) (data not shown). The above results indicate that PStSN1 modulates gene expression in a development-specific manner in transgenic Arabidopsis plants.
PStSN1 is induced by temperature shock
Since PStSN1 exhibited predicted elements related to heat stress and low temperature, GUS activity was assessed on four transgenic PStSN1::GUS Arabidopsis lines after temperature shocks. Based on their relative level of GUS expression, one high expressing line (Line 8B), two intermediate (Lines 2B and 5C) and one weak expressing line (Line 11A) were selected. Plants were grown at 20ºC and subsequently shocked (at 4ºC or 37ºC) or kept at 20ºC for 4 hrs under darkness. Quantitative GUS activity assay clearly indicated that reporter protein activity was strongly induced upon exposure to either high or low temperature shock in PStSN1::GUS transgenic lines, while the Arabidopsis line harbouring the constitutive promoter 35S CaMV did not present significant changes in GUS activity between treated and untreated plants (Figure 4a ). Histochemical GUS staining also was stronger at 4ºC or 37ºC compare to plants kept at 20ºC (Figure 4b ). Treatments effectiveness was confirmed through RT-PCR of RD-29 gene and HSP21 gene which are known to be induced by low and high temperature respectively (Figure 4c ). These results demonstrate that PStSN1 is induced by temperature shock suggesting that the cis-acting temperature responsive elements detected in silico are likely to be functional.
PStSN1 is induced by wounding
In order to examine the effect of mechanical wounding on PStSN1, leaves were gently pressed with a pair of serrated forceps and stained after 1, 2 or 3 hrs. GUS staining was stronger in wounded transgenic PStSN1::GUS leaves compared to unwounded leaves from the same line. Induction seems to be very fast and durable since no considerable differences were detected in leaves stained at different times after wounding ( Figure 5a ). As expected, non-staining changes were displayed after treatments in control lines (35S::GUS and EV::GUS) (data not shown). Wound induction was confirmed by quantitative GUS activity assays in all selected transgenic lines 2 hrs after wounding (Figure 5b ). Significant differences were registered in the four lines; while 35S::GUS line did not present significant changes in GUS activity after treatment. Plants were tested by RT-PCR to check treatment effectiveness by amplifying the control Ap2 gene which is known to be induced by wounding ( Figure  5c ). These results demonstrate that PStSN1 is induced by wounding in transgenic Arabidopsis plants.
PStSN1 activity is unaltered by phytohormones, light/darkness, UV radiation treatments or by Pseudomonas syringae infection
It was reported that StSN1 gene did not respond to abiotic or biotic stimuli in young potato leaves (Segura et al. 1999) however it has been shown that SN1 homologues genes are regulated by phytohormones in other plant species (Shi et al. 1992; Taylor and Scheuring, 1994; Ben-Nissan and Weiss, 1996; Aubert et al. 1998; Kotilainen et al. 1999; Ben-Nissan et al. 2004; Zhang and Wang, 2008) . Additionally, potential regulatory motifs related to hormones were identified in PStSN1. Therefore to study if PStSN1 can be regulated by phytohormones in Arabidopsis analyses of GUS activity was performed on transgenic lines after different hormone treatments. Plants from the PStSN1::GUS selected lines and control ones were sprayed with abscisic acid (ABA), indol acetic acid (IAA), gibberellic acid (GA) or water (mock treatment). Figure 6a shows that no significant differences in GUS activities were observed in the different PStSN1::GUS or 35S::GUS expressing lines treated with any of the assayed phytohormones when compared to their respective mock treated plants. Subsequently, as potential light regulatory motifs were also identified in PStSN1 the effect of light in GUS expression was examined on the transgenic lines. Plants grown under 14 hrs light-10 hrs dark cycle were covered at the end of the dark cycle to keep in darkness or left to continue the normal light cycle for 4 hrs prior to collection. Lines containing the PStSN1::GUS construct and control line harbouring 35S::GUS showed no statistically significant differences in GUS activities under darkness compared to control plants kept in light (Figure 6b ). Hormone and light/darkness treated plants were tested by RT-PCR to check treatments effectiveness (Figure 6e ).
Since rice OsGASR1 (a StSN1 homologue) was shown to be a UV-responsive gene (Furukawa et al. 2006) , UV radiation treatment was also investigated on two independent PStSN1::GUS lines. To this aim, seedlings were exposed to UV radiation and collected 2 hrs later to determine GUS activity. PStSN1::GUS and control 35S::GUS lines showed no statistical significant differences in GUS activities upon treatment (Figure 6c ). Finally, since StSN1 was proposed as a component of defence barriers against pathogens (Segura et al. 1999 ) and found to be active against pathogens in vivo (Almasia et al. 2008 ), analysis of GUS activity was performed after Pseudomonas syringae infection. Intact leaves of the Arabidopsis transgenic lines were inoculated with bacterial suspensions by spraying and plants were collected at 24 hrs and 72 hrs after infection. At 24 hrs post infection, when the scoring of visually disease symptoms was low, GUS activities were equal to those at 72 hrs when plentiful infection symptoms were observed (data not shown). At 72 hrs post-infection GUS activities seemed to be higher than control uninfected plants in two of the PStSN1::GUS lines (Line 2B and 5C) but no statistical significant differences were registered. In addition, for the other two lines (8B and 11A) GUS activities remained unchanged or even showed a decrease when compared to uninfected plants ( Figure  6d ).
In summary, in the conditions tested in this work, PStSN1 was unaltered by hormone treatments, exposure to light/darkness, UV radiation or bacterial infection in statistically significant. Fig. 5 Wound induction of PStSN1 activity in transgenic Arabidopsis lines. For mechanical wounding treatments, leaves were gently pressed with a pair of sterilized serrated forceps. Four independent transgenic Arabidopsis lines harboring PStSN1::GUS construct (Lines 2B, 5C, 8B and 11A) and one 35S::GUS transgenic control line were evaluated. (a) Representative leaves of weak expressing line (Line 11A) were stained at 1, 2 or 3 hrs after wounding (note that leaves were pressed one, two or three times, respectively). (b) GUS activity assays of whole plants collected 2 hrs after wounding. Activity of the wounded plants was measured and relatively expressed to the average activity of the unwounded plants of the same line. Bar graphs represent the average percentage of GUS activity ± SE measured in ten biological replicates.(c) Wound-inducible Ap-2 gene was amplified by RT-PCR (left panel) to check treatment effectiveness. Specific Actin-2 transcript amplification was detected in all plants as an internal control for cDNA synthesis (right panel). M: Molecular Marker 1 Kb; (-) Negative PCR control (without DNA). * denote significant differences (P < 0.05).
DISCUSSION
Even though StSN1 was implied in defence against pathogen infections, it belongs to a gene family under active investigation which includes proteins with different roles. Several StSN1 homologous proteins have been involved in many important biological processes, including growth, flowering and seed development (Aubert et al. 1998; Kotilainen et al. 1999; Ben-Nissan et al. 2004; De La Fuente et al. 2006; Furukawa et al. 2006; Roxrud et al. 2007 ). Because of the importance of the StSN1 broadspectrum antimicrobial activity and the lack of information about the regulation of its expression, an analysis of its promoter activity is highly informative. In this work, we described for the first time the isolation and characterization of a potato promoter of the snakin/GASA cysteine-rich peptide family. Histochemical GUS staining in Arabidopsis transgenic plants showed that PStSN1 displayed a specifically regulated expression mainly in vascular tissues, seedlings, aerial parts and floral organs. These results were in agreement with potato StSN1 gene expression analysis done by RNA gel blot and in situ hybridization experiments (Segura et al. 1999) suggesting that the main potato cis-elements related to tissue-specificity are also recognized in Arabidopsis plants. Although preferential expression in the above mentioned organs is a frequent feature of plant antimicrobial peptides (Segura et al. 1999 ), a role in defence is not incompatible with other possible functions.
Expression patterns of Arabidopsis homologues are quite diversified (Herzog et al. 1995; Aubert et al. 1998; Raventos et al. 2000; Roxrud et al. 2007; Zhang and Wang, 2008; Zhang et al. 2009 ). However, none of the described GASA gene expression patterns fully matches with that driven by PStSN1 in this work, suggesting a wider spectrum functionality of this peculiar potato family member. In PStSN1::GUS transgenic plants GUS expression decreased as the plant aged, similarly to the temporal expression pattern reported for pGASA3-driven GUS transgenic Arabidopsis plants (Roxrud et al. 2007 ). In roots, PStSN1 directed GUS expression was restricted to the vascular cylinder in the zone of elongating cells above the root tip, gradually becoming weaker in the more mature parts of the root tissue (Figure 2n ). GASA8 and GASA14 from Arabidopsis were proposed to be involved in cell elongation (Roxrud et al. 2007 ) since theirs promoters were highly active in zones typically associated with cell expansion, such as growing cotyledons and cells above the root initials. In view of the fact that PStSN1 activity is comparable to pGASA8 and pGASA14 expression patterns we also propose StSN1 as a candidate for being involved in similar processes. In addition, since differential GUS staining was observed in the stigma and filaments of young and mature flowers, it suggests that StSN1 might also play a role in flower development. This PStSN1 directed GUS floral pattern is similar to that observed in pGASA14-driven GUS transgenic Arabidopsis plants. Also, strong GUS localization was observed in the flower abscission zone directed by both PStSN1 and pGASA1 promoters (Raventos et al. 2000; Roxrud et al. 2007 ). Moreover, the PStSN1 directed GUS expression pattern is similar to the one described for pGASA5 which has been recently proposed as a negative regulator of flowering and stem growth (Zhang et al. 2009 ).
In this work we provide for the first time the description of a snakin/GASA family promoter modulation. Temperature-and wound-induction of PStSN1 was determined by qualitative and quantitative GUS activity assays after plants treatments. Even truncated promoter studies will be necessary to identify the exact region responsible for the specific activity, for functional purpose the demonstrated induction is sufficiently relevant. Induction of this antimicrobial gene promoter upon a temperature increase could be due to the fact that plant pathogens can penetrate host tissues by natural apertures such as stomata and plants keep them opened during heat stress to promote cooling by transpiration. In addition, the observed induction of StSN1 expression under low temperatures is not surprising for genes that contribute to pathogen resistance, as it was described for antifungal proteins 1, 3-β-glucanases activities (Koretsky, 2001) . Further, promoters induced by environmental cues, are usually associated with plant defense and survival (Venter and Botha, 2004) . One striking feature of PStSN1 is that wounding could activate reporter gene expression in transgenic Arabidopsis plants but Pseudomonas syringae infection could not. Conversely, the other potato member of this family (StSN2) is locally induced by wounding and also responds to pathogen infection (Berrocal-Lobo et al. 2002) . Plant pathogens can penetrate host tissues by a variety of means; one of them is through damaged tissues. Altogether, these observations are congruent with the hypothesis that StSN1 and StSN2 are components of both constitutive and inducible defence barriers, but StSN1 seems to be more important during the first steps of infection (i.e. if an injury occurs) while StSN2 could be important in later steps of pathogen penetration. Additionally, StSN1 might also function as an antioxidant as proposed for Petunia homologous genes (Ben-Nissan et al. 2004; Wigoda et al. 2006 ) supporting the need for its presence at the first steps of plant pathogens response. Emerging evidence suggests that ROS signalling pathways as well as hormone signalling pathways play key roles in the crosstalk between biotic and abiotic stress signalling (Fujita et al. 2006; Pieterse et al. 2009 ). In this context, the results obtained in this work for PStSN1 are not surprising and are in accordance with other defence genes promoters that respond to a variety of environmental stresses. For example pepper CaPMEI1 promoter is induced by pathogen infections and by treatment with ethylene and MeJA ) and maize PR10 gene was reported to be induced by SA, CuCl2, H2O2, coldness, darkness, pathogen infections and wounding (Xie et al. 2009 ).
A straightforward search for transcription factor binding sites represented by consensus sequences or weight matrices leads to the drawback of false positives due to the lack of knowledge and/or computerization of the complete requisites for cisregulatory modules to be functional, as well as not having taken into account the influence of chromatin structure and DNA stability and flexibility, which are important for determining the affinity and accessibility of the binding sites (Wasserman and Sandelin, 2004; Blüthgen et al. 2005) . In this work, that seemed to be the case of the putative phytohormone regulation sites and those putatively involved in defence or light responses, at least in our experimental conditions. The current work provided an insight into the region that control the temporal-and spatial-specific expression and stress responses of the potato StSN1 gene in a model plant establishing a framework for further studies on the identification of regulatory elements in this promoter. Additionally, PStSN1 is a good candidate for foreign genes expression providing a potential tool for plant modification through genetic engineering. Constitutive high-level expression of defence genes is undesirable since it may create major shifts in metabolism in the absence of a environmental stresses (Ralph et al. 2006; Godard et al. 2007 ). The use of temperature inducible promoter offers the advantage of increase tolerance of crops in extreme temperature giving rise to minimal effects on plant growth. For example, it has been reported freezing tolerance in transgenic potato (Pino et al. 2007 ) and tobacco (Kasuga et al. 2004) through the use of stress inducible promoter. Moreover, in this last case, inducible promoter provides an even greater tolerance to stress conditions than did expression of the gene under the control of 35S CaMV promoter which resulted in severe growth retardation. In addition, delayed leaf senescence in tobacco plants were achieved through expression of an isopentenyl transferase under the control of a heat shock promoter (Smart et al. 1991) . On the other hand, wound inducible promoters have been successfully exploited to increase insect bite resistance (Gulbitti-Onarici et al. 2009; Kumar et al. 2009) , to increase phytopathogenic fungi infection (Keller et al. 1999; Rizhsky and Mittler, 2001; Corrado et al. 2005 ) and for engineering virus resistance (Corrado et al. 2008 ). In conclusion, since the inducible potato PStSN1 could restrict the expression of interest genes to defined tissues and developmental stages it could be relevant for plant biotechnology mainly for the generation of transgenic crops with more favourable public acceptance. 
